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GENERAL 
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Axes of movemeiit_r__‘____- 2 

1. General.— a. Experience has proved that the flying time neces- 
sary to become qualified on instruments , can be reduced by more than 
50 percent through proper use of the instrument flying trainer; also 
that more can be accomplished in the trainer in a given period of time 
than in an airplane. 

_ h. In order that the maximum benefits for which the trainer was 
designed may be obtained it is imperative that it be properly main- 
tained. A highly developed mechanism such as this cannot be ex- 
pected to function properly without proper maintenance. If thorough 
maintenance is not accomplished at regular intervals, the trainer will 
not only lose its value as a means of improving instrument flying 
technique but may be the cause of the development of undesirable 
or even unsafe habits. 

c. Maintenance of the trainer is neither difficult nor expensive if 
properly done. Any adjustments required from time to time may be 
quickly and easily accomplished if the maintenance man knows his 
trainer thoroughly. 

d. Most difficult for the maintenance man to learn is what not to do. 
Many of the linkages and adjustments are so interconnected that an 
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adjustment improperly made or not made in its proper sequence may 
easily disrupt several other adjustments. 

e. The maintenance man should observe two precautions at all times : 
study carefully the section of the manual dealing with the part in 
question to make sure he is about to do the right thing and then,, before 
making the adjustment, mark it so he can put it back as it was in 
event he is wrong. Know what you are doing . 

/. There is nothing mysterious about the mechanics of the trainer, 
as it employs principles that are in daily use. The application of 
these principles is, however, sufficiently different so that persons not 
thoroughly familiar with the trainer and all of its aspects should 
never attempt repairs or adjustments without first carefully studying 
this manual or consulting someone who knows. 

g. The trainer consists of a fuselage with wings, empennage, and 
hood containing the contirds and all of the flight instruments neces- \ 
sary for instrument flight. This fuselage is mounted on a universal 
joint in such a manner as to permit movement in bank or pitch in* 
excess of maneuvers normally done on instruments. The universal * 
joint is in turn mounted on a turntable knojvn as the revolving octagon 
which is free to revolve indefinitely about the vertical axis. Move- 
ment about any of the three axes or combination thereof is controlled 
as in an airplane — by wheel or stick and rudder pedals, attached to 
valves which in turn control vacuum-operated bellows. Vacuum is 
supplied by a turbine driven by an electric motor located in the base 
of the trainer. • 

A. By partially evacuating the air from a tahk, “altitude” is created. 
This altitude is governed by suitable valves through a differential 
linkage in such a manner that indications of altitude are the result 
of nose-up or nose-down attitude and throttle setting. ; 

* i. This differential spacing linkage also causes p||>|fer indications 
of air speed and engine speed while rate of change c*¥ altitude is shown 
by a vertical speed indicator. The directional gyro and turn and bank 
indicators are operated as in an airplane. Since centrifugal force is 
not present, the artificial horizon or flight indicator is pendulum-oper- 
ated. Lacking centrifugal force to operate the bank indicator, the 
inclinometer is linked to the turn indicator. 

j. Since the purpose of the trainer is to furnish a means whereby 
instrument flying may be taught or practiced, no concession has been 
made to “feel” except for the addition of slip-stream simulators 
which supply resistance to the controls thereby simulating the flow 
of the air stream over the control surfaces. ' In addition, no inherent 
stability has been built into the trainer; consequently the student is. 
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required to “fly” the trainer at all times. Concurrent with the 
trainer’s lack of stability is the rough air mechanism, controlled by 
the instructor, which serves as a method of creating bumps or 
simulating “stormy” conditions. 

k. The complete trainer installation includes an instructor’s desk 
which houses the electrical apparatus and controls for producing 
radio signals and two-way voice communication. 

Z. The means of tracing on a map or chart the course the student 
flies in the trainer is provided by the flight log or recorder which 
operates on the instructors desk. 

m. Types C-4, C-3, and C-5 trainers are supplied with a remote 
indicating system of instruments at the instructor’s desk which dupli- 
cate by means of repeater instruments the indications given by the 
trainer altimeter, vertical speed and air speed indicators. 

n. C-3 and C-5 trainers are equipped with a wind drift mechanism 
which injects into a problem, as desired, any wind from 0 to 60 mph 
from any direction, with consequent gain or loss of ground speed as 
indicated by the track traced by the recorder. This equipment is also 
available for attachment to the C-4 type. 

o. Since all trainer types are basically the same, no attempt has 
been made to write this manual around any one particular type, 
but rather in such a manner that all types in use in the Army Air 
Forces at this time will be covered. All parts and subassemblies that 
are not common to all types will be so labeled and explained. 

p. The various trainer types now in use in the Army Air Forces 
were not manufactured and delivered as the numerical sequence of 
the various types would indicate. The C-2 type were the first 
received and put into use in any number. The C-2 was followed by 
the C-4 which the manufacturer designated as the Model E and 
Special E. A few of the Special E trainers were purchased and are 
in use at this time. However, all of this particular type are desig- 
nated by the Army as C-4’s. 

q. The next type delivered on contract was the C-5, which differed 
from previous types mainly in that it was equipped with an auto- 
matic wind drift device and included actual radio equipment. 

r. The latest type, the C-3, is being delivered in large quantities 
at this time and is essentially the same trainer as the C-5, except 
that the actual radio equipment has been replaced by a new T type 
“radio simulator”. 

s . Section II deals solely with the location, nomenclature, and gen- 
eral function of the various parts and subassemblies, and has been 
divided into four main divisions: fuselage, revolving octagon, base, 
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and desk. Section III deals with the three principles of operation 
of the complete unit: vacuum, mechanical, and electrical. Descrip- 
tion of the individual units and subassemblies and methods of resulat- 
ing and adjusting those units and subassemblies is covered in section 
IY. Inspection and maintenance information relative to the com- 
plete unit is dealt with in section Y, while section VI covers installation. 

2. Axes of movement. — a. In order that the layman may fully 
understand the various attitude controls and maneuvers of an air- 
plane, and .how the various assemblies of the trainer operate and are 
affected by various trainer attitudes in simulating airplane instru- 
ment indications, it is necessary that he know what movements are 
possible, about what axes the movements take place, and the control 
or controls that cause the maneuver. ' 

b. Following is an explanation of the three axes of movement of 

an airplane or trainer (fig. 1) : . - ■ 

(1) The longitudinal (X) axis is a line running from the center 
of the nose through the center of gravity and out the tail, or a 
straight line through the center of gravity, fore and aft in the plane 
symmetry. In general theoretical discussions of the motion of an 
airplane, this may be taken as being parallel to the propeller axis 
of a single-engine tractor type airplane. In. mathematical theory 
this is the “X” axis. Motion taking place about this axis is referred - 
to as “roll” or “bank” controlled by the wheel or stick. 

(2) The lateral (Y) axis is a horizontal line through the center 
of gravity, perpendicular to the longitudinal axis and running from 
wing tip to wing tip. In mathematical theory this axis is referred 
to as the “Y” axis. Motion taking place about this axis is referred 
to as pitch or pitching motion (climb or dive) controlled by the 
control column or stick. 

(3) The vertical or normal axis is a line running through the 
center of gravity perpendicular, to the other two axes. When the 
longitudinal and lateral axes are horizontal and the, airplane is in 
the attitude of level flight, the normal axis is vertical. In mathe- 
matical theory this axis is the “Z” axis. Motion about this axis is 
called “yawing” or “turning” motion and is controlled primarily in 
an airplane by the rudder. 

c. These axes must be considered as moving with the airplane and 

always remaining fixed relative to the airplane; that is, the lateral 
axis will remain parallel to the line joining the wing tips in what- 
ever attitude the airplane may be or, during a vertical dive, the 
longitudinal axis will be vertical and the lateral and normal axis will 
be horizontal. - 
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d. The axes of the trainer are the same, theoretically, as for an 
actual airplane. However, for practical reasons, these axes actually 
intersect in the center of the main universal joint that supports the 
trainer fuselage on the revolving octagon. The lateral axis extends 
through the pitching hearings and the longitudinal axis extends 
through the banking hearings of this assembly ; the vertical axis runs 
perpendicularly through the gimbal ring. 

e. For theoretical explanation of the trainer’s movements, the axes 
may be considered as follows : 

(1) Longitudinal axis— A straight line extending from the center 
of the nose of the trainer through the length of the fuselage. 




(2) Lateral axis . — A straight line extending parallel to the center 
of the left fuselage hook-up bar to the center of the right stop bar 
midway of the fuselage. 

(3) Vertical or normal axis .- — A straight line at right angles to 
the longitudinal and lateral axes extending vertically through the 
center of the main air transfer column. 
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Section II 



LOCATION, IDENTIFICATION, AND GENERAL FUNCTION 

OF COMPONENT PARTS 



General- 

Fuselage 

Octagon- 

Base 

Desk 




Paragraph 




3. General.— a. The purpose of this section is to familiarize the 

student with the proper nomenclature, physical location, and the pur- 
pose of the various parts and subassemblies of the four main assem- 
blies (fuselage, octagon, base, and desk) so that future explanations 
of the various interconnecting functions of these units may be more 
readily understood and retained. ‘ 

i. Figures 2, 8, and I, with their accompanying code, show graphi- 
cally the location of the units included in the fuselage; figfire§ 21 and 
22, the octagon; figures 28 and 29, the baseband figured 35 and 86 
the desk. 

4. Fuselage. The following units and subassemblies are located 
m the trainer fuselage : 

a. Air transfer manifold.— (1) The air transfer manifold (fig. 5) 
consists of two parts, the manifold elbow and the main distributing 
manifold. The manifold elbow is constructed of 1% -inch metal tub- 
ing cut and welded to form an offset elbow extending from the top 
of the air transfer column to a point approximately 9 inches diago- : 
nally to the rear and right of the fuselage and approximately 3 inches 
oft the fuselage floor. Here, by use of black drill-covered rubber hose 
and hose clamps, it is connected to the main distributing manifold 
which is constructed of U/ 8 -inch metal tubing, and lies in the hori- 
zontal plane parallel to and approximately 4 inches behind the rudder 
bar. 

(2) The manifold elbow has five outlets to which are connected 
the various instrument vacuum lines and the spin valve. These out- 
iets vary in size from % inch to % 6 inch. The main distributing 
manifold has four outlets, two of which are % 6 inch in size and are 
used as vacuum connections to two of the main valves; one is W 1G 
inch in size and used as a vacuum connection to the other main valve 

and one is % inch in size and used as a vacuum connection to the 
stall valve. 

A Main control valves.— (1) Three main control valves are used. 
Ihese valves are all similar in design and construction. There are 
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Fiuuris 2. — Fuselage — top view. 
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slight differences built into two of the main valves to cause certain 
characteristics of control. These differences are covered thoroughly 
in section IV. 

(2) The main control valves are constructed of two metal disks, 
each disk being approximately 1 y 2 inches thick, and 3 inches in di- 
ameter. These disks, when in use, are mounted one on top of the 
other, and are referred to as the “top half” and the “bottom half”. 
In every case, the bottom half of the valve is held in a fixed position 
by means of a bracket and setscrew ; while the top half of the valve 
is free to move when the control to which it is connected is. moved. 
Vacuum is applied to the top half of the valve through c hannels 
bored into the top half ; vacuum is applied to the bottom half through 
channels bored into the lower half to the two outlets on the base of 




Figure 5. — Air transfer manifold. 



the valve. By moving any one of the controls, the top half of the 
corresponding valve is caused to rotate, thereby controlling the appli- 
cation of vacuum through that valve. 

(3) There are three main valves: the. rudder valve (fig. 6) ; aileron 
valve (fig. 7 ) ; and elevator valve used to control movement of the 
trainer about its three axes. 

(a) The rudder valve is located under the pilot’s seat on the right- 
hand side of the fuselage, and is mounted in a vertical position. It is 
connected to and caused to operate by the rudder pedals. Movement . 
of the trainer caused by the rudder valve is around the vertical axis 
and is called “yawing” or “turning”. 
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Figure 7. — Aileron valve. 
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(b) The aileron valve is located just behind the pilot’s seat on the 

left-hand side, mounted in a horizontal position, and connected to 
and operated by the aileron control (wheel or stick). Movement of the 
trainer, caused by the aileron valve, is around the longitudinal axis 
and is called banking. , 

(c) The elevator valve is located under the pilot’s seat on the left- 

hand side and to the rear, and is mounted in a vertical position. It 
is connected to and caused to operate by the elevator control or stick 
(fore and aft movement). Movement of the trainer caused by the 
elevator valve is about the horizontal or lateral axis and is called 
“pitching” or “climbing or diving”. - 



Figure 8. — Air speed and tachometer regulator bellows. 

e. Regulating bellows (figs. 8 and 9).—(l) The three regulator 
bellows incorporated in the trainer are located as follows : - 

(a) Air speed regulator belloios .— Mounted on left bottom fuselage 
former in the rear of seat back. 

(&) Tachometer regulator bellows .— Located slightly above and 
forward of the air speed regulator bellows. 

(c) Turn and bank indicator regulator bellows . — Mounted on rear 
of altitude tank in the nose of fuselage. 

(2) These bellows are constructed primarily of wood and rubber- 
ized fabric hinged by the fabric so as to permit expansion and con- 
fi action on one end only. Their purpose is, as the name implies, to 
regulate the flow of atmosphere, in the system of which they are a 
part, by means of a taper pin and seat located inside of the bellows. 
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d. Climb-dive valves (fig. ID). — The climb-dive valve assembly is 
located in the fuselage floor under the seat on the left side directly 
below the lateral axis. This assembly is composed of two needle 
valves mounted on a metal support and is controlled by means of 




the trainer’s differential linkage as a unit, controlling, in part, the 
flow of atmosphere in the trainer altitude system. The forward 
needle valve is the “dive” valve and the rear the “climb” valve. Lo- 
cated on the end of each needle valve body is a small valve known 
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as a “limit” valve that serves as an adjustment to limit the flow of 
atmosphere through the line in which it is located. 

e. Tanks . — Located in the nose of the trainer, mounted on the nose 
panel, are the two vacuum tanks incorporated in C-2 and C-4 train- 
ers; the altitude tank (fig. 11) and the air speed damping tank 
(fig. 12). C-3 and C-5 trainers differ from the above only in that-r. 

(1) The larger of the two, the altitude tank, has a diameter of 
approximately 11 inches, and is constructed of aluminum, with a 



Figure 10. — Climb-dive valves. 

plywood insert in one end to which the turn and bank indicator 
regulator bellows is mounted. By partially evacuating the atmos- 
phere from this tank, a condition is caused to exist that parallels 
actual conditions encountered by an ascending airplane, that is, alti- 
tude is created and indicated by the instruments connected to this 
tank. 

(2) The air speed damping tank is a small aluminum tank ap- 
proximately 4 inches in diameter, mounted at the right side of the 
altitude tank on the nose panel of C-2 and C-4 trainers and in the 
top rear of the fuselage on later models, and serves, as its name 
implies, to smooth out the flow of atmosphere in the air speed line 
of which it is a part. Located on the face of this tank is a small 



14 





